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SYNTHESIS AND BIOLOGICAL EVALUATION OF PYRIMIDINE AND
PURINE o-L-2',3'-DIDEOCXY NUCLEOSIDES

Nanine A. Van Draanen* and George W. Koszalka
Division of Experimental Therapy
Burroughs Wellcome Co.

Research Triangle Park, NC 27709

Abstract. A series of a—L-2',3'-dideoxy nucleosides was prepared as potential antiviral
agents. The pyrimidine nucleosides were prepared by standard Vorbriiggen coupling
reactions. The purine analogues were prepared by enzymatic transfer of the dideoxy sugar
from a pyrimidine to a purine base. These compounds were inactive against HIV-1, HBV,
HSV-1and -2, VZV, and HCMV,

Introduction. The search for novel nucleoside structures for use as antiviral
agents has led to an explosion of synthetic effort in the field.] While it was long believed
that only the "natural” stereoisomeric nucleoside structures (those possessing the B-—-D-
configuration) would have any antiviral activity, recently there have been examples of
"unnatural”, enantiomeric {$-L) nucleosides with activity against human immunodeficiency
virus (HIV),2 hepatitis B virus (HBV),3 and herpes simplex virus (HSV-1).4 Examples
of o—D-nucleosides are plentiful in the literature, usually arising from an unselective
coupling of a 2-deoxy sugar to a pyrimidine or purine heterocycle.S In all cases reported,
these compounds were devoid of antiviral activity. Our interest in o—L-nucleosides lay in
the supposition that the lack of antiviral activity of the a—D-isomers may be due to the
unnatural configuration of the 1'-carbon. The a—L-nucleosides maintain the natural
configuration of Cy' but have inverted configuration at C4. Exploration of this series could
give greater insight into the stereochemical requirements for antiviral activity. This report
presents the preparation and evaluation of a series of novel pyrimidine and purine a—L-
2',3'-dideoxynucleosides.

Chemistry. The synthesis of pyrimidine a—L-2',3'-dideoxy nucleosides was
effected in a straightforward manner from D-glutamic acid, 1 (scheme 1). The same general
synthetic method has been applied to the preparation of $—D-dideoxy nucleosides using L-
glutamic acid as the starting material.® Our synthesis followed these literature procedures
but yielded the products with the opposite configuration. A straightforward, five-step
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Scheme 1

process from 1 gave acetoxy dideoxy sugar 2.7 This scheme is known to yield
enantiomerically pure products when applied to the preparation of the D-isomers since all
manipulations at the ultimate 4'-carbon proceed stereospecifically.8 Coupling of 2 under
standard Vorbriiggen9 conditions followed by deprotection using tetraethylammonium
fluoride gave the target nucleosides as o,B-anomeric mixtures.

The o,P-anomeric mixtures were separated either by preparative HPLC, flash
chromatography, or by enzymatic resolution as shown in scheme 2. Preparative HPLC
separation of the cytosine analogues gave compounds 3a-c. The anomers of the uracil
analogues were easily resolved by flash chromatography to give compounds 3d-3i.
Because chromatographic separations of the uracil and thymine analogues 3j and 3k,
respectively, were impractical or not possible, a different synthetic method was used which
avoided the formation of the B-anomers. Preparation of o,-L-dideoxycytidine (3a, 4a)
and o,B-L-5-methyl-2',3'-dideoxycytidine (3b, 4b) was accomplished as described
above. Cytidine deaminase deaminated the t-anomer of these compounds much more
rapidly than the B-anomer. By taking advantage of this enzymatic selectivity, pure o—L-
2',3'-dideoxyuridine (3j) and a—L-3'-deoxythymidine (3k) were prepared (Scheme 2).
These compounds were easily separated from the unreacted B-cytidine analogues by flash
chromatography.
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Scheme 2

The assignment of the anomeric configuration of the separated products was
determined by 'H NOE experiments. Enhancement of the H4' signals upon irradiation of
Hg in compounds 3a-k was consistent with the o-stereochemistry (Figure 1).

The purine dideoxynucleosides (Sa-d) were far more difficult to prepare using
Vorbriiggen-type conditions. Coupling reactions using purine bases were plagued by low
yields and formation of complex mixtures of products (o, ; N-7 and N-9 isomers). As an
alternative synthetic approach, a phosphorylase-catalyzed enzymatic trans-ribosylation was
explored.!® There is some literature precedent for a-nucleosides being substrates for
nucleoside phosphorylases. In 1977, Doskoch and Holy reported that 9-(o—L-
lyxofuranosyl)adenine was cleaved by E. coli purine nucleoside phosphorylase (PNP).11
In the same paper, however, they showed that 9-(a—L-arabinofuranosyl)adenine was not a
substrate for PNP. To our knowledge, there is no literature precedent for the enzymatic
transfer of a—L-dideoxynucleosides.
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Under conditions modeled after those described previously for the thymidine
phosphorylase (TPase) and PNP-catalyzed transfer of sugars from pyrimidine nucleosides
to purine bases,10 the pentosyl moiety of a—L-dideoxyuridine (3j) was efficiently
transferred to various purine bases with retention of the a—L-configuration. The reactions
were complete within 4-48 h, depending on the amount of enzyme used, and proceeded to
60-80% conversion based on HPLC analysis of the crude reaction mixtures. Four
analogues, 5a-d, were prepared by this method (Scheme 3).

Finally, the hypoxanthine and guanine analogues, 6a and 6b, were prepared by treatment
of the corresponding adenine (5a) and diaminopurine (5b) analogues with adenosine
deaminase (Scheme 4).

Biological Evaluation. Compounds 3a-k, 5a-d, and 6a-b were evaluated in a variety
of antiviral screens, including human immunodeficiency virus (HIV-1), herpes simplex
virus (HSV-1 and HSV-2), varicella zoster virus (VZV), and cytomegalovirus (CMV).
None of the compounds exhibited any significant antiviral activity (ICsg > 40 pM). None
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of the compounds showed any significant cytotoxicity at 100 uM in IM-9, CEM, and Molt-
4 cells. In addition, compounds 3a, 3d, 3f, 3j, 3k, 5a, and 6b were evaluated against
hepatitis B virus (HBV) and had ICsg values greater than 40 pM. From this lack of
biological activity, we conclude that the relative configuration of C1' and Cg' is critical to
activity in the dideoxy series. Presumably, the trans configuration of the a-anomers
prohibits recognition of these compounds by the cellular enzymes responsible for
phosphorylation and/or incorporation and thereby renders them inactive.

The biological activity of the B-anomers described herein will be presented

elsewhere.

Experimental Section

General. Unless otherwise noted, materials were obtained from commercial suppliers
and used without further purification. All reactions involving organometallic reagents were
conducted under a N2 atmosphere. Melting points (Pyrex capillary) are uncorrected.
Concentrations for rotation data are given as g/100 mL of solvent. !H NMR spectra were
recorded on a Varian XL-300 spectrometer. Chemical shifts are expressed in ppm
downfield from internal tetramethylsilane; coupling constants are expressed in hertz. UV
data are reported as nm (€ (M~lem-1)). Flash chromatography refers to the procedure of
Still, Kahn, and Mitra.12 Thymidine phosphorylase (EC 2.4.2.4, TPase) and purine
nucleoside phosphorylase (EC 2.4.2.1, PNP) were purified from E. c0li.10 One unit of
enzyme catalyzed the formation of 1 tmol of product per minute under the defined assay
conditions. Cytidine deaminase (CDase) was purified from E. coli.!3 Calf intestinal
adenosine deaminase (EC 3.5.4.4, ADA) was purchased from Boehringer Mannheim.
Elemental analyses were performed by Atlantic Microlab, Atlanta, GA.
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HPLC Methods. Buffer Preparation. Buffer A: To 1800 mL of H2)O was added
triethylamine (2.0 mL). To the stirring solution was added trifluoroacetic acid until the pH
= 2.35 (approximately 1.5 mL). The solution was diluted to 2 L with H2O. The pH of the
final solution was 2.40. The solution was filtered through a 0.22 um GS Millipore filter
and stored at 4 °C.

Buffer B: To 1200 mL of CH3CN was added H20 (600 mL) and triethylamine (2.0 mL).
To the stirring solution was added sufficient trifluoroacetic acid to give an apparent pH =
2.35 (approximately 1.5 mL). The mixture was diluted with H2O to 2 L. The apparent pH
of the final solution was 2.40. The solution was filtered through a 0.22 um GS Millipore
filter and stored at 4 °C.

Method I: Analysis was performed on a Microsorb C1§ reverse-phase HPLC column (4.6
mm x 15 cm, 5 uM particies) at a flow rate of 1 mL/min according to the gradient below.
The effluent was monitored at 270 nm.

Equil Time
Stage (sec) Buffer A Buffer B Gradient
60 95 5
1200 90 10 linear
3 300 75 25 step

Method 2: Analysis was performed on a Microsorb C18 HPLC column (4.6 mm x 15 c¢m,
5 uM particles) at a flow rate of 1.5 mL/min according to the gradient below. The effluent

was monitored at 265 nm.

Equil Time 50 mM NH4Ac

Stage (sec) pH=55 CH3CN Gradient
1 600 100 0
2 1200 80 20 linear
3 120 0 100 linear

General procedure for the preparation of pyrimidine o-L-2',3'-
dideoxynucleosides (3a-i). A mixture of an appropriately substituted pyrimidine base
(3.8 mmol), N,0-bis(trimethylsilyl)acetamide {BSA, 2.8 mL, 11.3 mmol), and toluene
(7.5 mL) was heated at 90 "C for 2-12 h, until the solution was homogeneous. The
solution was cooled to 0 "C and a mixture of (2RS,55)-2-acetoxy-5-((rert-
butyldiphcnylsilyl)oxymethyl)tetrahydrofuran7 (2, 1.0 g, 2.5 mmol) in CH3CN (4.0 mL)
was added followed by trimethylsilyl trifluoromethanesulfonate (TMSOTTY, 0.74 mL, 3.8
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mmol). When no starting sugar remained as evidenced by TLC (30% ether/petroleum
ether), the reaction was quenched by the addition of saturated NaHCO3 solution (20 mL).
The layers were separated, and the aqueous layer was extracted with CH2C12 (3 x 15 mL).
The combined organic extracts were dried (MgS0a4), filtered, and the solvent was removed
by rotary evaporation to give the protected nucleosides as mixtures of o.- and B-anomers.
These intermediate products were purified by flash chromatography using an appropriate
mixture of CH2Cl2:CH30H (generally, 99:1 to 95:5).

To a solution of silyl-protected nucleoside (2.5 mmol) in THF (15 mL) was added
tetracthylammonium fluoride (TEAF, 0.55 g, 3.8 mmol, 1.5 eq). The reaction was
monitored by TLC (95:5 CHCl2:CH30H) until no starting material could be detected. In
most cases, the product was insoluble in THF and formed a thick gum on the walls of the
flask. If the reaction was still incomplete after 12 h, additional TEAF was added in 0.5 eq
pordons at 30 min intervals until the reaction was complete. In some cases, a total of 5 eq
of TEAF were required. Methanol was added to the reaction mixture until a homogeneous
solution resulted. Silica gel (10-15 mL) was added and the solvents removed with a rotary
evaporator. The resulting dry powder was applied to the top of a 5 x 20 cm flash
chromatography column which had been packed with CH2Cl2:CH30H. The products
were eluted with an appropriate gradient of CH2Clp:CH30H. The fractions containing
product were concentrated with a rotary evaporator to yield the separated o- and B-anomers
as white powders, thick oils, or glasses. The residue was dissolved in a minimum amount
of HO and lyophilized.
1-(a-L-2",3'-Dideoxyribofuranosyl)cytosine (3a). A 1:1 o:p mixture of L-2',3'-
dideoxycytidine (3a and 4a) was prepared as described in the general procedure (0.50 g,
71%). To separate the anomers, reverse-phase preparative HPLC using a Waters prep
2000 with model 486 monitor at 250 nm and two radial-compression column cartridges
were employed. The column was equilibrated with 95:5 buffer A:buffer B (see general
section for buffer preparation) at 20 mL/min. The product (0.50 g) was dissolved in H)O
(10 mL) and loaded onto the column at 20 mL/min. The flow rate was increased to 40
mL/min and the product eluted within 10 min. The portion of the eluant which was
enriched in a-anomer (as determined by analytical HPLC using method 1 described in the
general section) was collected and concentrated with a rotary evaporator. The residual
product was dissolved in H2O and re-loaded onto the prep HPLC column which had been
equilibrated with 97:3 buffer A:buffer B. The product was applied at 20 mL/min and eluted
at 40 mL/min. The portion of the eluant which was solely a-anomer was concentrated,
Desalting was accomplished by dissolving the residue in CH30H and applying the solution
to a 2.5 x 10 cm column of Dowex AG-1 (hydroxide form) resin packed with CH30H.
The column was flushed with CH30H until no UV activity remained in the eluant. The
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methanol was removed with a rotary evaporator. The residue was lyophilized from H20 to
give 0.080 g (16% recovery) of the title compound as a white powder. [OL]D20 +69.8° (c =
0.50, DMF). mp: 184 °C. lH NMR (300 MHz, DMSO-dg): & 1.71-1.98 (m, 3), 2.22-
2.34 (m, 1), 3.38 (brs, 2), 4.36 (pent, 1,7 =5.0),4.78 (brt, 1,1 =4.6),570(d, 1, T =
7.4), 596 (dd, 1,J = 3.8, 6.1), 7.07 (br s, 1), 7.08 (br s, 1), 7.54 (d, 1, T = 7.4). UV:
pH =7: Amax 272 (9,000); Amin 249 (5,000). pH = 13: Amax 272 (9,200); Amin 249
(5,500). MS (CI) m/z 212 (M + H). Anal. Caled for C9H13N303 - 0.15 H20: C,
50.53; H, 6.27; N, 19.64. Found: C, 50.55; H, 6.20; N, 19.69.
1-(a-L-2',3'-Dideoxyribofuranosyl)-5-methylcytosine (3b). A 1:1 a:B mixture
of 5-methyl-L-2",3"-dideoxycytidine (0.25 g, 65%) was prepared according to the general
method, and 0.25 g of this material was separated as described for compound 3a. The
prep HPLC column was initially equilibrated with 98:2 buffer A:buffer B and only one run
was required. Desalting of the product by Dowex AG-1 (hydroxide) and subsequent
lyophilization gave 3b as a white powder (0.088 g, 35% recovery). [a]p20 +47.8° (c =
0.50, DMF). mp: 89 °C. lH NMR (300 MHz, DMSO-dg): 8 1.72-1.97 (m, 3), 1.86 (d,
1,J =0.6), 2.24-2.30 (m, 1), 3.34-3.41 (m, 2), 4.38 (m, 1), 4.77 (¢, 1, J = 5.3), 5.99
(dd, 1, J = 4.3,6.2), 6.71 (brs, 1), 7.18 (br s, 1), 7.35(q, 1, 1 = 0.6). UV: pH=T:
Amax 278 (8,700); Amin 254 (4,500). pH = 13: Amax 278 (8,700); Amin 254 (4,500).
MS (CIH my/z 226 (M + H). Anal. Calcd for C1gH15N303 - 0.65 H20: C, 50.69; H,
6.93; N, 17.73. Found: C, 50.74; H, 6.99; N, 17.64.
1-(-L-2',3'-Dideoxyribofuranosyl)-5-fluorocytosine (3c). A l:1 o:p mixture
of 5-fluoro-L-2',3"-dideoxycytidine (0.28 g, 48%) was prepared according to the general
method and separated as described for compound 3a, except that the prep HPLC column
was equilibrated with 97:3 buffer A:buffer B for the first run. Desalting of the product by
Dowex AG-1 (hydroxide) resin as above gave 3¢ as a white powder (0.11 g, 39%
recovery). [a]p20 +72.6° (c = 0.50, DMF). mp: 73-76 °C. IH NMR (300 MHz,
DMSO-de): 8 1.71-1.80 (m, 1), 1.82-1.99 (m, 2), 2.24-2.32 (m, 1), 3.38 (m, 2), 4.41
(m, 1), 4.77 (t, 1, J = 5.6), 5.90-5.94 (m, 1), 7.44-7.49 (br s, 1), 7.62-7.67 (br s, 1),
7.77(d, 1,1=6.9). UV: pH=7: Amax 281 (8,700); Amin 258 (5,000); sh 233 (7,900);
pH = 13: Amax 281 (9,000); Amin 258 (5,300); sh 230 (8,300). MS (CI) m/z 230 (M +
H). Anal. Calcd for CQH12N303F - 0.47 H20: C, 45.48; H, 5.49; N, 17.68. Found:
C, 45.88; H, 5.50; N, 17.29.

1-(o-L-2',3'-Dideoxyribofuranosyl)-5-fluorouracil (3d). This compound was
prepared according to the general method (powder, 0.17 g, 29%). [a]lp20 +28.4° (c =
0.50, DMF). mp: 140-142 °C. 1H NMR (300 MHz, DMSO-dg): & 1.71-1.81 (m, 1),
1.93-2.04 (m, 2), 2.25-2.34 (m, 1), 4.42 (pent, 1, J = 5.4), 4.78 (t, 1, J = .5.6), 5.95-
598 (m, 1), 792 (d, 1, J = 7.0), 11.73-11.82 (br s, 1). UV: pH =7: Amax 271
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(8,400); Amin 237 (2,200); pH = 13: Amax 269 (6,900); Amin 247 (4,300). Anal. Calcd
for CQH] 1N20O4F: C, 46.96; H, 4.82; N, 12.17. Found: C, 46.68; H, 4.77; N, 12.07.
1-(a-L-2',3'-Dideoxyribofuranosyl)-5-chlorouracil (3e). This compound was
prepared as a glass according to the general method (0.10 g, 16%). 1H NMR (300 MHz,
DMSO-dg): 6 1.72-1.82 (m, 1), 1.93-2.11 (m, 2), 2.26-2.35 (m, 1), 3.39-3.44 (br m,
2), 443 (pent, 1,J =5.3),4.79 (brs, 1), 595 (dd, 1, J = 4.2, 6.1), 7.92 (s, 1), 11.80
(brs, 1). UV: pH =7 Amax 278 (9,500); Amin 241 (1,600); pH = 13: Amax 276
(7,200); Amin 248 (3,300). MS (CI) m/z 247 (35C1, M + H), 249 (37C], M + H). Anal.
Calcd for CoH11N204Cl1 - 0.3 H20: C, 42.89; H, 4.64; N, 11.11; Cl, 14.07. Found: C,
43.03; H, 4.67; N, 10.89; Cl, 14.09.
1-(a-L-2',3'-Dideoxyribofuranosyl)-5-bromouracil (3f). This compound was
prepared as an oil according to the general method (0.23 g, 32%). [@]p20 +13.7° (c =
0.51, DMF). 1H NMR (300 MHz, DMSO-dg): & 1.72-1.82 (m, 1), 1.93-2.09 (m, 2),
2.26-2.34 (m, 1), 3.36-3.45 (m, 1), 4.42 (pent, 1, ] =4.5),4.79 (brs, 1),594 (dd, 1, J
=4.3,6.3), 7.96 (s, 1), 11.77 (br s, 1). 13C NMR (75 MHz, DMSO-dg): & 26.67,
32.37, 64.34, 82.61, 88.02, 96.44, 141.11, 150.66, 160.27. UV: pH =7: Amax 281
(9,000); Amin 244 (1,500); pH = 13: Amax 278 (7,500); Amin 251 (3,900). MS (CI) m/z
291 (T9Br, M + H), 293 (31Br, M + H). Anal. Caled for CoH{ | N204Br - 0.3 H20: C,
36.46; H, 3.94; N, 9.45; Br, 26.95. Found: C, 36.66; H, 3.91; N, 9.29; Br, 26.74.
1-(a-L-2',3'-Dideoxyribofuranosyl)-5-iodouracil (3g). This compound was
prepared as a powder according to the general method (0.070 g, 8%). [a]p20 -0.8° (c =
0.50, DMF). mp: 88-90 °C. 1H NMR (300 MHz, DMSO-dg): & 1.75 (m, 1), 1.97-2.03
(m, 2), 2.27-2.31 (m, 1), 3.36-3.42 (m, 2), 4.40 (pent, 1, J = 4.9), 479 (1, 1, J = 5.6),
594 (dd, 1,J =44,6.3),7.92 (s, 1), 11.61 (br s, 1). UV: pH =7 Amax 290 (7,100);
Amin 248 (1,600); pH = 13 Amax 280 (5,200); Amin 251 (2,600). MS (CI) m/z 339 (M +
H). Anal. Calcd for CgH11N204L: C, 31.97; H, 3.28; N, 8.29. Found: C, 31.78; H,
3.26; N, 8.21.

1-(a-L-2',3'-Dideoxyribofuranosyl)-5-trifluoromethyluracil (3h). This
compound was prepared according to the general method (powder, 0.35 g, 50%). [a]p20
+57.6° (c = 0.50, DMF). mp: 74-75 °C. 1H NMR (300 MHz, DMSO-dg): & 1.71-1.82
(m, 1), 1.91-2.03 (m, 1), 2.06-2.16 (m, 1), 2.30-2.40 (m, 1), 3.36-3.48 (m, 2), 4.42
(pent, 1,J =5.3),482 (brs, 1),591(dd, 1,J =4.2,62),794 (d, 1,J = 1.0), 11.85
(brs, 1). UV: pH=7: Amax 263 (9,700); Amin 230 (1,600); pH = 13: Amax 261
(6,800); Amin 237 (3,800). MS (CI) m/z 281 (M + H). Anal. Caled for
Ci10H1104N2F3: C, 42.87; H, 3.96; N, 10.00. Found: C, 42.73; H, 3.99; N, 9.90.
1-(a-L-2',3'-Dideoxyribofuranosyl)-5-ethynyluracil (3i). This compound was
prepared according to the general method (powder, 0.23 g, 39%). [a]p20 +5.8° (c =
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0.50, DMF). mp: 133 °C. 1H NMR (300 MHz, DMSO-dg): 8 1.72-1.82 (m, 1), 1.95-
2.07 (m, 2), 2.28-2.35 (m, 1), 3.36-3.43 (m, 2), 4.12 (s, 1), 444 (m, 1), 479 (, 1, ] =
5.7),594(dd, 1,1 =4.1,6.2), 7.89 (s, 1), 11.60 (br s, 1). UV: pH =7: Amax 288
(11,400), 229 (10,100); Amin 253 (2,500); pH = 13: Amax 229 (11,600), 285 (9000);
Amin 258 (3,800). MS (CI) m/z 237 (m + H). Anal. Calcd for C11H12N204: C, 55.93;
H, 5.12; N, 11.86. Found: C, 55.65; H, 5.15; N, 11.78.

General Procedure for the Cytidine Deaminase-Mediated Deamination of
Cytosine Analogues. Preparation of 1-(a-L-2',3'-Dideoxyribofuranosyl)-
uracil (3j). To a solution of 1:1 o: 3a:da (5.0 g, 23.7 mmol; prepared according to
the general procedure) in H20 (285 mL) was added E. Coli cytidine deaminase (2550
u/mL, 180 pL, 460 u). The solution was incubated at 45 °C and the pH of the reaction
monitored hourly and adjusted to pH = 7.5 with 0.1 N HCl as necessary. The reaction
was allowed to progress until the concentration of a—L-2',3"-dideoxycytidine was <0.5%
relative to the B-anomer as evidenced by reverse-phase HPLC using Method 1 described in
the general section. The water was removed by lyophilization. The residue was dissolved
in CH30OH and adsorbed onto silica gel. The dry powder was loaded onto a 5 x 20 cm
flash column packed with 95:5 CH2Cl2:CH30H. The column was eluted with the same
solvent. The product-containing fractions were concentrated with a rotary evaporator. The
residue was lyophilized from H20 to give 3j as a thick oil that became a waxy solid on
standing (2.1 g (42%)). [a]p20 +24.6° (c = 0.50, DMF). !H NMR (300 MHz, DMSO-
dg) & 1.76-1.83 (m, 1), 1.92-2.02 (m, 2), 2.28-2.31 (m, 1), 3.36-3.44 (m ,2), 4.35-
438 (m1),4.79 (1,1, =528),558, 1,F=79),599 (dd, 1, T = 3.9, 6.4), 7.61 (d,
1,J=8.1),11.25 (brs, 1). UV: pH =7: Amax 264 (4,400); Amin 231 (580); pH = 13:
Amax 263 (3,200); Amin 241 (2,000). MS (CI) myz 213 (M + H). Anal. Calcd for
CoH12N204 - 0.20 H2O: C, 50.09; H, 5.79; N, 12.98. Found: C, 50.29; H, 5.87; N,
12.70.

1-(a-L-2',3'-Dideoxyribofuranosyl)thymine (3k). A 1:1 a:p mixture of 3b and
4b (0.25 g, 1.1 mmol) was prepared according to the general procedure. The product was
treated with E. coli cytidine deaminase according to the method described for 3j. The
reaction proceeded at room temperature, and the pH of the solution was not adjusted during
the course of the reaction. Compound 3k was isolated as a white powder (0.12 g, 46%).
[a]p20 +2.0° (c = 0.50, DMF). mp: 52-55 °C. 1H NMR (300 MHz, DMSO-dg): &
1.79 (d, 3, J = 0.90), 1.72-1.80 (m, 1), 1.83-2.08 (m, 2), 2.24-2.33 (m, 1), 3.40 (m, 2),
431 (m, 1),478 (1, 1, =57),6.01 (dd, 1,J =48, 6.5),745 (q, 1,1 =0.9), 11.24
(brs, 1), UV: pH=7: Amax 269 (10,500); Amin 236 (2,100); pH = 13: Amax 268
(8,000); Amin 245 (4,600). MS (CI) m/z 227 (M + H). Anal. Calcd for CjgH14N204 -
0.3 H2O: C, 51.85; H, 6.35; N, 12.09. Found: C, 51.77; H, 6.23; N, 12.08.
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General procedure for the preparation of purine a-L-2',3'-dideoxy
nucleosides (5a-d). Into a 250-mL triple-baffled flask was weighed a—L-2'3'-
dideoxyuridine (3j, 0.50 g, 2.4 mmol) and an appropriately-substituted purine base (2.9
mmol). Potassium phosphate buffer (10 mM, pH = 7.0, 100 mL) was added and the
mixture was stirred at 45 *C for 15-30 min. The pH of the solution was readjusted to pH =
7.0 with 1IN HCl or 1N KOH, if necessary. To the reaction flask was added E. coli purine
nucleoside phosphorylase (2.1 mL, 11,500 uw/mL, sp. activity 92 uw/mg) and E. coli
thymidine phosphorylase (1.45 mL, 16,900 u/mL, sp. activity 226 u/mg). The resulting
mixture was stirred slowly at 45 °C. If the reaction was not complete in 24 h as evidenced
by reverse-phase HPLC (method 2), an additional 11,500 u of PNP and 24,500 u of TPase
were added. The reaction was allowed to continue for an additional 4-8 h, or until no
further product formation was apparent by HPLC.

If the reaction mixture was heterogeneous prior to isolation, CH30H was added
until the mixture was nearly homogeneous. The entire reaction mixture was applied to a
2.5 x 10 cm column of Dowex AG-1 (hydroxide) resin packed in CH30H. The column
was flushed with CH3O0H until no UV-active substance was present in the eluant. Less
than 200 mL of CH3OH was generally required. The combined eluants were concentrated
with a rotary evaporator. The residue was dissolved in CH30H and silica gel added. The
solvent was removed with a rotary evaporator and the powdery residue applied to a 5 x 20
cm flash column packed with an appropriate mixture of CH2Cl2:CH30H or
CH2Cl12:EtOH. Elution of the column with the same solvent and concentration of the
product-containing fractions with a rotary evaporator gave the products as solids or thick
oils. The residues were lyophilized from H20 to give the products as powders.
6-Amino-9-(a-L-2',3'-dideoxyribofuranosyl)purine (5a). The product was
purified by flash chromatography using 95:5 CH2Cl2:CH30H as eluant. The product
obtained was further purified by preparative reverse-phase C;g HPLC with 95:5-90:10
HpO:CH3CN as gradient elution. The solvent was removed by lyophilization and 5a was
isolated as a white powder (0.22 g, 41%). [c)p20 -49.0° (¢ = 0.50, DMF). mp: 165-167
°C. |H NMR (300 MHz, DMSO-dg): 8 1.76-1.88 (m, 1), 2.16-2.27 (m, 1), 2.40-2.54
(m, 2), 3.35-3.48 (m, 2), 4.36 (pent, 1,J =5.7), 476 (t, 1, ] = 5.6), 6.26 (t, 1, J = 5.6),
7.21 (s, 2), 8.12 (s, 1), 8.24 (s, 1). UV: pH =7: Amax 260 (13,400); Amin 227
(1,800); pH = 13: Amax 260 (14,000); Amin 227 (2,300). MS (CI) m/z 236 (M + H).
Anal. Calcd for C1gH13N502 - 0.50 H2O: C, 49.17; H, 5.78; N, 28.67. Found: C,
49.29; H, 5.79; N, 28.76.
2,6-Diamino-9-(a-L-2',3'-dideoxyribofuranosyl)purine (5b). The product
was purified by flash chromatography using 9:1 CH2Cl2:CH30H as eluant. Product 5b
was isolated as a lyophilized powder (0.31 g, 54%). [a]p20 -62.0° (¢ = 0.50, DMF). mp:
157 °C. 1H NMR (300 MHz, DMSO-dg): & 1.75-1.87 (m, 1), 2.15-2.26 (m, 1), 2.35-
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2.42 (m, 2), 3.35-3.48 (m, 2), 4.31 (m, 1),4.76 (1, 1,1 =5.8), 577 (5, 2), 6.09 (1, 1, J
=5.5), 6.60 (s, 2),7.84 (s, 1). UV: pH =7: Amax 280 (7,700), 256 (6,900); Amin 265
(5,700), 236 (4, 200); pH = 13: Amax 280 (7,500), 256 (6,700); Amin 265 (5,500), 236
(3,800). MS (CI) m/z 251 (M + H). Anal. Calcd for C10H14NgO2 - 0.75 H20: C,
45.54; H, 5.92; N, 31.86. Found: C, 45.50; H, 5.67; N, 31.63.
6-Methoxy-9-(a-L-2',3'-dideoxyribofuranosyl)purine (5¢). The product was
purified by flash chromatography using 96:4 CH2Cl2:EtOH as eluant. Product 5¢ was
isolated as a lyophilized powder (0.19 g, 34%). [a]p20-30.2° (c =0.50, DMF). mp: 99
°C. 1H NMR (300 MHz, DMSO-dg): & 1.82-1.93 (m, 1), 2.20-2.32 (m, 1), 2.48-2.55
(m, 2), 3.35-3.52 (m, 2), 4.10 (s, 3), 4.37-4.45 (m, 1), 4.80 (t, 1, T =5.8),6.39 (¢, 1, ]
=5.5), 8.53 (s, 1), 8.55(s, 1). UV: pH=7: Amax 251 (13,100); Amin 221 (3000); pH
=13: Amax 251 (13,200); Amin 220 (3,100). MS (CD) ny/z 251 (M + H). Anal. Calcd for
C11H14N403 - 0.2 H2O: C, 52.04; H, 5.72; N, 22.07. Found: C, 52.12; H, 5.70; N,
22.06.

2-Amino-6-methoxy-9-(a-L-2',3'-dideoxyribofuranosyl)purine (5d). The
product was purified by flash chromatography using 95:5 CH2Cl2:CH30H as eluant.
Product 5d was isolated as a lyophilized powder (0.25 g, 41%). [a]p20 -63.0° (¢ =
0.50, DMF). mp: 182 °C. !H NMR (DMSO-dg): & 1.80-1.89 (m, 1), 2.18-2.27 (m, 1),
2.37-2.44 (m, 2), 3.35-3.47 (m, 2), 3.95 (s, 3), 4.29-4.35 (m, 1), 478 (t, 1, ] = 5.7),
6.15(t, 1,1 =5.5), 6.44 (s, 2), 8.00 (s, 1). UV: pH =7: Amax 248 (10,400); 281
(10,300); Amin 261 (5,700); pH = 13: Amax 248 (10,600); 280 (10,100); Amin 261
(5,800). MS (CI) m/z 266 (M + H). Anal. Calcd for C11H15N503: C, 49.81; H, 5.70;
N, 26.40. Found: C, 49.72; H, 5.73; N, 26.34.

General Procedure for the Adenosine Deaminase-Mediated Deamination of
Purine Analogues. Preparation of 9-(a-L-2',3'-dideoxyribo-
furanosyl)hypoxanthine (6a). To a solution of a—L-2',3"-dideoxyadenosine (5a,
0.15 g, 0.64 mmol) in 10 mM potassium phosphate buffer (pH = 7, 50 mL) was added
calf intestinal adenosine deaminase (10 mg/mL suspension, 25 pL). The mixture was
stirred at room temperature for 15 min and left at room temperature without stirring for 24
h. The reaction was monitored by reverse-phase HPLC (method 2). The H2O was
removed by lyophilization. The white powdery residue was slurried with CH30H and
filtered. The solid was rinsed thoroughly with CH3OH until no more UV-absorbing
material was present in the filtrate. The product was adsorbed on silica gel and applied to a
2.5 x 20 cm column packed with 9:1 CH2Cl2:CH30H. Elution with the same solvent and
concentration of the product-containing fractions gave a white solid. The product was
lyophilized from H20 to give 6a as a white powder (0.07 g, 47%). (o]p20 -48.8° (c =
0.50, DMF). mp: 225-228 °C (dec). H NMR (300 MHz, DMSO-dg): § 1.81-1.91 (m,
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1), 2.18-2.27 (m, 1), 2.39-2.53 (m, 2), 3.39-3.44 (m, 2), 4.35-4.39 (m, 1), 4.79 (br s,
D, 6.27 (dd, 1, J = 4.2, 6.6), 8.04 (s, 1), 8.23 (s, 1), 12.35 (brs, 1). UV: pH=T7:
Amax 249 (11,000); Amin 221 (1,000); pH = 13: Amax 254 (11,400); Amin 223 (1,000).
MS (CI) m/z 229 (M + H).Anal Calcd for C1gH12N403 - 0.30 H20: C, 49.71; H, 5.26;
N, 23.19. Found: C, 49.77; H, 5.18; N, 23.14.
9-(a-L-2',3'-Dideoxyribofuranosyl)guanine (6b). The procedure described
above was applied to 5b (0.098 g, 0.37 mmol). The product was purified by preparative
reverse-phase C1g HPLC using 95:5 H2O:CH3CN as the mobile phase. The solvent was
removed by lyophilization to give 6b as a white powder (0.027 g, 29%). []p20-51.0°
(c = 0.35, DMF). mp: 250-255 (dec). 1H NMR (300 MHz, DMSO-dg): & 1.76-1.87
(m, 1), 2.12-2.29 (m, 1), 2.30-2.46 (m, 2), 3.34-3.47 (m, 2),4.31 (m, 1), 477 (1, 1,J =
5.7), 6.05 (dd, 1,1 = 4.2, 6.5), 6.42 (brs, 2), 7.82 (s, 1), 10.60 (brs, 1). UV: pH=7:
Amax 253 (13,500); Amin 223 (2,700); pH = 13: Amax 266 (11,200); Amin 231 (4,000).
MS (CI) m/z 252 (M + H).Anal. Calcd for C;gH13N503 - HyO: C, 44.61; H, 5.61; N,
26.01. Found: C, 44.52; H, 5.63; N, 25.93.

Acknowledgments. The authors thank M. St. Clair, R. Jansen, L. Johnson, E. Dark,
J. Hill, and Drs. R. Harvey and L. Elwell for their biological contributions. We thank Dr.
C. Burns, M. Rishavy, and M.G. Bridgwood for their support in the synthesis of these
compounds and A. Davis for performing the !H NOE experiments.

REFERENCES

1. For recent reviews on nucleoside synthesis, see: Klunder, J. M. Chemtracts: Org.
Chem. 1993, 6, 67; Thelin, M. Chem. Commun. 1992, 6, 1; Niitsuma, S.; Ichikawa, Y.;
Takita, T. Stud. Nat. Prod. Chem. 1992, 10 (Stereosel. Synth., Pt. F), 585; Huryn, D.
M.; Okabe, M. Chem. Rev. 1992, 92, 1745; McDonnell, M. E.; Reitz, A. B. Chemtracts:
Org. Chem. 1992, 5, 176; Knutsen, L. J. S. Nucleosides Nucleotides 1992, 11, 961;
Hanrahan, J. R.; Hutchinson, D. W. J. Biotechnol. 1992, 23, 193; Bergstrom, D.; Lin,k
X.; Wang, G.; Rotstein, D.; Beal, P.; Norrix, K.; Ruth, J. Synlerr 1992, 3, 179;
Dueholm, K. L.; Pedersen, E. B. Synthesis 1992, 1-2, 1; Borthwick, A. D.; Biggadike,
K. Tetrahedron 1992, 48, 517; Zhang, L. Prog. Nat. Sci. 1991, 1, 431; Revankar, G.
R.; Robins, R. K. Chem. Nucleosides Nucleotides; Townsend, L. B., Ed.; Plenum: New
York, 1991, pp. 161-398.

2. Jeong, L. S; Schinazi, R. F.; Beach, J. W.; Kim, H. O.; Nampalli, S.;
Shanmuganathan, K.; Alves, A. J.; McMillan, A.; Chu, C. K.; Mathis, R. J. Med. Chem.
1993, 36, 181; Schinazi, R. F.; McMillan, A.; Cannon, D.; Mathis, R.; Lloyd, R. M.;



17:49 26 January 2011

Downl oaded At:

1692 VAN DRAANEN AND KOSZALKA

Peck, A.; Sommadossi, J.-P.; St. Clair, M.; Wilson, J. Antimicrob. Agents Chemother.
1992, 36, 2423; Liotta, D. C,; Schinazi, R. F.; Choi, W. B. PCT Int. Appl. WO
9214743 A2 3 Sep 1992.

3. Furman, P. A.; Davis, M.; Liotta, D. C.; Paff, M.; Frick, L. W.; Nelson, D. J;
Dornsife, R. E.; Wurster, J. A.; Wilson, L. J. Antimicrob. Agents Chemother. 1992, 36,
2686; Chang, C. N.; Doon, S. L.; Zhou, J. H.; Beach, J. W.; Jeong, L. S.; Chu, C. K;;
Tsai, C. H.; Cheng, Y. C. J. Biol. Chem. 1992, 267, 13938; Furman, P. A., Jr;
Painter, G. R., I[II PCT Int. Appl. WO 9219246 Al 12 Nov 1992. Chang, C. N
Skalski, V.; Zhou, J. H.; Cheng, Y. C. J. Biol. Chem. 1992, 267, 22414; Belleau, B.;
Nguyen B. N. Eur. Pat. Appl. EP 494119 A1 8§, Jul 1992.

4 Jotti, S.; Colonna, F.; Garbesi, A.; Spadari, S.; Focher, F.; Ciarrocchi, G.; Arcamone,
F. Ttalian Pat. Appl. No. 22032A/90, 1990; Spadari, S; Maga, G.; Gocher, F.;
Ciarrocchi, G.; Manservigi, R.; Arcamone, F.; Capobianco, M.; Carcuro, A.; Colonna, F.;
Iotd, S.; Garbesi, A. J. Med. Chem. 1992, 35, 4214; Balzarini, J.; DeClercq, E.;
Baumgartner, H.; Bodenteich, M.; Griengl, H. Mol. Pharmacol. 1990, 37, 395.

5. For examples see: Okabe, M.; Sun, R.-C; Tam, S. Y.-K.; Todaro, L. J.; Coffen, D.
L.J. Org. Chem. 1988, 53, 4780; Farina, V.; Benigni, D. A. Tetrahedron Lett. 1988,
29, 1239; Chu, C. K,; Raghavachari, R.; Beach, J. W.; Kosugi, Y.; Ullas, G. V.
Nucleosides Nucleotides 1989, 8, 903; Chu, C. K.; Beach, J. W.; Ullas, G. V.; Kosugi,
Y. Tetrahedron Lert. 1988, 29, 5349,

6. Gringore, O. H.; Rouessac, F. P. Org. Synth. 1984, 63, 121; Ravid, U.; Silverstein,
R. M.; Smith, L. R. Synthesis 1978, 34, 1449; Beach, J. W. ; Kim, H. O,; Jeong, L. S.;
Nampalli, S.; Islam, Q.; Ahn, S. K,; Babu, J. R.; Chu, C. K. J. Org. Chem. 1992, 57,
3887; Dueholm. K. L.; Pedersen, E. B. Synthesis 1992, 1, 1.

7. Ravid, U.; Silverstein, M.; Smith, L. R. Tetrahedron 1978, 34, 1449; Hanessian, S.;
Murray, P. J.; Sahoo, S. P. Tetrahedron Letr. 1985, 26, 5627; Chu, C. K.; Babu, J. R;;
Beach, J. W.; Ahn, S. K.; Huang, H. Q.; Jeong, L. S.; Lee, S. J. J. Org. Chem. 1990,
55, 1418. Also: Johansson, K. N. G.; Lindborg, B. G.; Noreen, R. Eur. Pat. Appl. EP
352248 Al 24 Jan 1990; Johansson, K. N. G.; Malmberg, H. C. G.; Noreen, R.;
Sahlberg, S. C.; Sohn, D. D.; Gronowitz, S. PCT Int. Appl. WO 8912061 Al 14 Dec
1989.

8. Cervinka, O.; Hub, L. Collect. Czech. Chem. Commun. 1968, 33, 2927; Brewster,
P.; Hiron, F.; Hughes, E. E.; Ingold, C. K.; Rao, P. A. D. S. Nature (London) 1950,
166, 178.

9. Vorbriiggen, H.; Krolikiewicz, K.; Bennua, B. Chem. Ber. 1981, 114, 1234,

10. A variety of B,D-nucleosides have been prepared enzymatically. See: Krenitsky, T.
A.; Koszalka, G. W.; Tuttle, J. V. Biochemistry, 1981, 20, 3615; Krenitsky, T. A.;



17:49 26 January 2011

Downl oaded At:

o-1-2',3'-DIDEOXY NUCLEOSIDES 1693

Koszalka, G. W.; Tuttle, J. V.; Rideout, J. L.; Elion, G. B. Carbohydrate Res. 1981,
97, 139; Burns, C. L.; St. Clair, M. H.; Frick, L. W.; Spector, T.; Averett, D. R.;
English, M. L..; Holmes, T. J.; Krenitsky, T. A.; Koszalka, G. W. J. Med. Chem. 1993,
36, 378.

11. Doskoch, J.; Holy, A. Coll. Czech. Chem. Comm. 1977, 42, 370.
12. Sdll, W.C,; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923.
13. Yang, C.; Carlow, D.; Wolfenden, R.; Short, S. A. Biochemistry 1992, 31, 4168.

Received 11/22/93
Accepted 1/24/94



